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CRISPR/Cas12a antifouling nanocomposite
electrochemical biosensors enable amplification-
free detection of Monkeypox virus in complex
biological fluids†

Jeong-Chan Lee, ‡a Seuk-Min Ryu,‡b YongJin Lee,c Hyowon Jang,d

Jayeon Song,d,e,f Taejoon Kang,d,f Kwan Hyi Lee *b,c and Steve Park*a

The escalating global threat of infectious diseases, including monkeypox virus (MPXV), necessitates

advancements in point-of-care diagnostics, moving beyond the constraints of conventional methods

tethered to centralized laboratories. Here, we introduce multiple CRISPR RNA (crRNA)-based biosensors

that can directly detect MPXV within 35 minutes without pre-amplification, leveraging the enhanced sen-

sitivity and antifouling attributes of the BSA-based nanocomposite. Multiple crRNAs, strategically targeting

diverse regions of the F3L gene of MPXV, are designed and combined to amplify Cas12a activation and its

collateral cleavage of reporter probes. Notably, our electrochemical sensors exhibit the detection limit of

669 fM F3L gene without amplification, which is approximately a 15-fold improvement compared to fluor-

escence detection. This sensor also shows negligible changes in peak current after exposure to complex

biological fluids, such as whole blood and serum, maintaining its sensitivity at 682 fM. This sensitivity is

nearly identical to the conditions when only the F3L gene was present in PBS. In summary, our CRISPR-

based electrochemical biosensors can be utilized as a high-performance diagnostic tool in resource-

limited settings, representing a transformative leap forward in point-of-care testing. Beyond infectious

diseases, the implications of this technology extend to various molecular diagnostics, establishing itself as

a rapid, accurate, and versatile platform for detection of target analytes.

1. Introduction

Monkeypox virus (MPXV) is a zoonotic disease, belonging to
the orthopoxvirus (OPXV) within the poxviridae family.1,2

Initially identified in monkeys in 1958, sporadic cases of
MPXV in humans have been primarily reported in Central and
West African countries since the 1970s.3,4 However, in recent

years, MPXV has become more widespread across Africa and
has been drastically increasing globally, prompting the World
Health Organization (WHO) to declare it a public health emer-
gency of international concern.5–7 The sudden surge in MPXV
cases and the lack of comprehensive information on the effec-
tiveness of vaccines emphasize the importance of continuous
disease monitoring to prevent potential widespread out-
breaks.8 The current gold-standard diagnostic method for
MPXV infection is polymerase chain reaction (PCR), known for
its high accuracy and sensitivity, utilizing primers that target
the F3L and A27L genes.9–12 Nevertheless, as highlighted by
the challenges encountered during the COVID-19 pandemic,
PCR is typically carried out in centralized laboratory settings,
requiring skilled operators, expensive equipment, and invol-
ving time-consuming and costly procedures.13 Such a setup is
not conducive to rapid and simple detection of infectious
disease, isolation of cases, and effective disease management,
with these challenges being particularly pronounced in low-
income countries with limited medical resources.14

The demand for point-of-care (POC) testing capable of detect-
ing disease biomarkers in a low-cost, rapid, and simplified

†Electronic supplementary information (ESI) available. See DOI: https://doi.org/
10.1039/d4nr01618a
‡These two authors contributed equally to this work.

aDepartment of Materials Science and Engineering, Korea Advanced Institute of

Science and Technology (KAIST), Daejeon 34141, Republic of Korea
bCenter for Advanced Biomolecular Recognition, Korea Institute of Science and

Technology (KIST), Seoul 02792, Republic of Korea
cKU-KIST Graduate School of Converging Science and Technology, Korea University,

Seoul 02841, Republic of Korea
dBionanotechnology Research Center, Korea Research Institute of Bioscience and

Biotechnology (KRIBB), Daejeon 34141, Republic of Korea
eDepartment of Forensic Sciences, Sungkyunkwan University (SKKU), Suwon-si,

Gyeongi-do 16419, Republic of Korea
fSchool of Pharmacy, Sungkyunkwan University (SKKU), Suwon-si,

Gyeongi-do 16419, Republic of Korea

11318 | Nanoscale, 2024, 16, 11318–11326 This journal is © The Royal Society of Chemistry 2024

Pu
bl

is
he

d 
on

 2
8 

M
ay

 2
02

4.
 D

ow
nl

oa
de

d 
by

 K
or

ea
 A

dv
an

ce
d 

In
st

itu
te

 o
f 

Sc
ie

nc
e 

&
 T

ec
hn

ol
og

y 
/ K

A
IS

T
 o

n 
6/

16
/2

02
4 

4:
35

:0
8 

A
M

. 

View Article Online
View Journal  | View Issue

http://rsc.li/nanoscale
http://orcid.org/0009-0008-1698-5795
http://orcid.org/0000-0002-7891-844X
https://doi.org/10.1039/d4nr01618a
https://doi.org/10.1039/d4nr01618a
https://doi.org/10.1039/d4nr01618a
http://crossmark.crossref.org/dialog/?doi=10.1039/d4nr01618a&domain=pdf&date_stamp=2024-06-10
https://doi.org/10.1039/d4nr01618a
https://pubs.rsc.org/en/journals/journal/NR
https://pubs.rsc.org/en/journals/journal/NR?issueid=NR016023


manner has spurred the application of clustered regularly
interspaced short palindromic repeats (CRISPR) technology for
viral RNA or DNA detection.15–18 CRISPR-based biosensing
have found application in nucleic acid detection for infectious
disease such as dengue, Zika, Ebola, and SARS-CoV-2.19–21 The
CRISPR-based biosensing, combined with nucleic acid amplifi-
cation, enhances sensitivity and specificity in assays. For
example, Cas12a, complexed with a CRISPR RNA (crRNA),
recognizes complementary double-stranded DNA (dsDNA) and
exhibits indiscriminate trans-cleavage of reporter probes com-
posed of fluorophore-biotin or fluorophore–quencher, utilizing
this property to detect target nucleic acids with high speci-
ficity.22 While previous studies have utilized Cas12a for the
detection of MPXV, they still relied on pre-amplification
methods such as polymerase chain reaction (PCR), loop-
mediated isothermal amplification (LAMP), and recombinase
polymerase amplification (RPA) to achieve high sensitivity.23,24

This dependency stems from the inherent low sensitivity of
Cas12a-based detection without pre-amplification, typically
showing sensitivities of ∼100 pM.25 Moreover, these methods
are limited in their applicability to decentralized settings due
to the sophisticated temperature control, the extended detec-
tion time, and the potential for cross-contamination.
Conductive nanocomposite-based electrochemical sensors
have also been explored, where peptide nucleic acids (PNAs)
are immobilized onto the nanocomposite surface to capture
ssDNA reporter probes with complementary sequences, gener-
ating specific electrical signals upon cleavage by activated
Cas12a.22,26 Despite these advancements, pre-amplification is
necessary to enhance sensitivity, relying on laboratory-based
procedures and complicating device integration. To address
these limitations, sensing methods such as surface-enhanced
Raman spectroscopy (SERS) and fluorescence detection have
been reported, aiming to enhance the sensitivity of Cas12a-
based biosensors without pre-amplification.27–29 However, they
still require sample purification and RNA extraction to reduce
non-specificity, hindering their deployment in field-ready
testing scenarios.

In this study, we present a novel and highly sensitive
detection of MPXV without pre-amplification and sample
purification, utilizing multiple crRNAs in a Cas12a sensing
system. Combining multiple crRNAs enhances Cas12a acti-
vation overall, resulting in increased collateral cleavage of the
reporter probe and enabling the detection of MPXV without
the need for pre-amplification. We introduce electrochemical
enzymatic biosensors with exceptional antifouling activities,
ensuring robust assay performance even within complex bio-
fluids. Specifically, a bovine serum albumin (BSA)-based con-
ductive nanocomposite is functionalized with PNA capture
probes designed to complement the ssDNA reporter probes.
This nanocomposite exhibits remarkable antifouling pro-
perties, reducing non-specificity even within human serum-
spiked MPXV samples. The capability to detect MPXV without
the necessity for sample preparation and target amplification
positions these biosensors as promising field-deployable
diagnostics.

2. Experimental methods
2.1 Materials

The oligonucleotides and ssDNA reporter probes were pur-
chased from Integrated DNA Technologies (IDT), Inc.
(Coralville, USA). PNA capture probes were synthesized by
Panagene (Daejeon, Korea). Cas12a (Lachnospiraceae bacterium
ND2006) and 10× NEBuffer™ r2.1 were purchased from New
England Biolabs Inc. (Beverly, USA). Bovine serum albumin
(A7906) and aminated reduced graphene oxide (805432) were
purchased from Sigma Aldrich (St Louis, USA). Poly streptavi-
din-HRP (N200) were purchased from ThermoFisher
(Waltham, USA).

2.2 Target MPXV DNA Preparation

The F3L gene of the MPXV was chosen due to its high speci-
ficity for MPXV. Two 1 kb of MPXV plasmids were purchased
from Integrated DNA Technologies (IDT), Inc. (Coralville, USA)
and combined to a plasmid.

2.3 Design of crRNA

20-nucleotide crRNA spacer sequence targeting the F3L gene
were designed. To confirm the presence of F3L gene in the
Monkeypox virus, gene-specific crRNAs were designed using
IDT CRISPR-Cas12a crRNA design tool (https://sg.idtdna.com/
site/order/oligoentry/index/cpf1) and the NCBI Reference
Sequence Database (https://www.ncbi.nlm.nih.gov/nuccore/
NC%5F063383/). The spacer of the crRNA was configured to
identify 20 base pairs close to the unique PAM sequence of
TTTV (where V is either A, C, or G) in Cas12a, and six distinct
F3L gene regions were chosen as targets. See Table S1† for full
sequences.

2.4 Cas12a-based fluorescence detection

CRISPR/Cas12a-based fluorescence assay using single crRNA
was performed in a reaction mixture containing 2 μl
NEBuffer™ r2.1 (10×), 2 μl Cas12a (1 μM), 2 μl crRNA (1 μM),
2 μl Target DNA, 0.5 μl reporter probe (10 μM) and 11.5 μl
nuclease-free water. In case multiple crRNAs were utilized, the
remaining reactions were prepared in the same manner as
when a single crRNA was used, with the concentration of each
crRNA equally distributed so that the total sum of the crRNA
concentrations used in the experiment was 100 nM. (1 μl each
for double crRNA (1 μM), 0.67 μl each for triple crRNA (1 μM),
and 0.5 μl each for the quadruple crRNA (1 μM).) The mixture
was vortexed and then incubated at 37 °C, thereby monitoring
the fluorescence signal at 1-minute intervals using a CFX Opus
96 RT-PCR system (Bio-Rad, CA, USA).

2.5 Fabrication of antifouling nanocomposite
electrochemical sensor

The electrochemical sensors were cleaned by sonication in
acetone followed by isopropyl alcohol for 5 minutes, respect-
ively. The sensors were then treated with oxygen plasma
(Femtoscience Inc., Korea) at 80 W for 8 minutes. Solution
containing 5 mg mL−1 aminated reduced graphene oxide and
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5 mg mL−1 BSA in 10 mM PBS were sonicated (micro-tip
sonicator) for 30 min (1 s on/off cycles) at 20% amplitude.
BSA–rGO nanocomposite were prepared by mixing BSA–rGO
solution with 70% glutaraldehyde in a volume ratio of 69 : 1
and dropcasting the final solution onto the electrode at
85 °C. After coating, the chips were washed with PBS and
dried with N2 gas.

2.6 Cas12a-based electrochemical detection

The sequence of oligonucleotides used for the Cas12a assay
was as follows (PNA capture probe: 5′amine-
ACAACAACAACAACA-3′, ssDNA reporter probe: 5′-Biotin-AT TAT
TAT TAT TAT TTG TTG TTG TTG TTG T-3′). The nano-
composite sensors were functionalized with PNA capture
probes with carbodiimide reaction. For activation of Cas12a,
the 20 µl solution containing 17.5 µl CRISPR mixture (final
concentration: 100 nM Cas12a, 100 nM crRNA), 2 μl F3L gene
spiked in human serum, and 0.5 μl 400 nM ssDNA reporter
probes were incubated for 20 min at 37 °C. The sensors were
sequentially incubated with 20 µl mixture, poly streptavidin-
HRP, and TMB for 5 min, 5 min, and 1.5 min, respectively.
Cyclic voltammetry was conducted using potentiostat (ZIVE
SP1, WonATech, Co., Ltd) with scan range from −0.5 V to 0.5 V,
scan rate of 1 V s−1. The peak current was quantified using
IVMAN 1.5 software.

3. Results and discussion
3.1 Cas12a-based quantitative detection of MPXV

We designed multiple sequences of crRNAs and combined
them to Cas12a-based detection of the same target DNA,
amplifying the signal response and eliminating the need for
pre-amplification. Multiple crRNAs directed across distinct
regions of the same target DNA enhances Cas activation, facili-
tating the cleavage of reporter probes. The signals from this
cleavage were measured using fluorescence detection with
individual and combined crRNA, and the combination was
optimized based on the sensitivity (Fig. 1a). Leveraging these
optimized crRNA combinations, we developed a CRISPR-based
electrochemical biosensor that exhibits high sensitivity and
maintains assay performance in complex biological fluids. We
aimed to detect MPXV that has been spreading globally since
2022, necessitating rapid diagnostics for effective disease man-
agement and surveillance (Fig. 1b). MPXV belongs to the
Orthopoxvirus (OPXV) family, and the genome sequences of
OPXV are highly conserved across species. Among numerous
genes of MPXV, the F3L gene stands out as one of the highly
specific loci for MPXV.30 We synthesized 2 kb segment of the
MPXV genome containing the target F3L gene and confirmed
by the sanger sequencing.

We designed six crRNAs targeting distinct regions along the
F3L gene (Table S1†). Each Cas12a-crRNA complex was tailored
to detect a 20-nucleotide region within the F3L gene, as
depicted in Fig. 1b. Initially, we evaluated the fluorescence
intensity of individual crRNAs at 100 fM F3L gene (Fig. 1c,

Fig. S1 and S2†). Leptotrichia buccalis Cas12a (LbaCas12a)
was selected in this study due to its robust cleavage activity.25

All crRNAs exhibited specific signals significantly above the
negative control of nuclease-free water alone. Notably, crRNA 6
exhibited the highest Cas12a activation (slope: 25.07 AU
min−1), while crRNA 2 showed the lowest intensity (slope:
10.90 AU min−1). The slope from the linear regression was uti-
lized to quantify the sensitivity, where fluorescence intensity is
proportional to the time. The slopes in the beginning of
30 minutes were calculated to compare the reaction rate of
Cas12a. To further explore signal enhancement resulting from
the combination of crRNAs to form multiple ribonucleoprotein
(RNP) complexes in the same target, we designed the combi-
nations involving crRNAs 1, 3, 4, 5, and 6, which exhibited the
higher signal responses.

3.2 Multiple crRNA-based detection with enhanced
sensitivity

Ideally, each individual crRNA is capable of binding to distinct
regions of the target DNA, thereby enhancing the signal
response through an increase in activated Cas12a. We aimed
to assess how much sensitivity towards the F3L gene could be
elevated by synergistically combining crRNAs, thereby amplify-
ing enzyme activation (Fig. 2a). We maintained a constant
Cas12a concentration of 100 nM, which is equivalent to the
concentration used in previous individual crRNA testing. This
concentration was evenly distributed among different crRNA
combinations, ensuring a constant total concentration of
crRNA and Cas12a throughout the study. The Cas12a reactions
were conducted at 37 °C for 120 min and fluorescence signals
were recorded by every minute.

Initially, we combined two crRNAs and evaluated sensitivity
enhancement across 10 combinations (i.e., omitting crRNA2
due to its low sensitivity) for detecting the same F3L gene
(Fig. 2b). Notably, combining crRNA 4 and crRNA 6 increased
sensitivity by 36.8% compared to crRNA 6 alone (Fig. 2c). To
further assess the potential sensitivity enhancement, we nar-
rowed down the crRNA combinations based on crRNA 4 + 6
and explored triple and quadruple combinations (Fig. 2d and
e). Remarkably, the triple combination of crRNAs 4 + 5 + 6
exhibited the highest fluorescence signal with a slope of 45.3
AU min−1. This was the most substantial among the combi-
nations tested in this study, ranging from individual to quad-
ruple crRNAs, surpassing the crRNA 6 alone by 80.6%
enhancement (Fig. 2f). This underscores the potential for
heightened sensitivity without resorting to target amplifica-
tion, solely through an increase in the formation of RNPs.

3.3 Cas12a-based electrochemical detection of MPXV

Conductive nanocomposites, primarily based on albumin,
have demonstrated impressive antifouling properties in
electrochemical sensors. This technology has been successfully
applied to the precise and rapid detection of various target
analytes, including the inflammatory cytokine Interleukin-6
(IL-6), a sepsis biomarker, and the SARS-CoV-2 virus.26,31,32

Notably, the reduced graphene oxide-based nanocomposite
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exhibits thin and highly porous 3D structures that uniformly
cover the underlying gold electrode, resulting in isolated
nanoelectrodes and thereby enhancing electron transfer kine-
tics.33 The versatility of this nanocomposite extends to nucleic
acid detection, specifically in the identification of SARS-CoV-2
RNA in saliva using the lab-on-a-chip platform for point of
care (POC) testing.26 Despite these advancements, the current
sensors still rely on amplification techniques such as LAMP
and RPA because of their low sensitivity, complicating sample
preparation, posing challenges in device design, and conse-

quently limiting their application in POC testing. To overcome
this limitation, we introduced the crRNA combination strategy,
optimized for fluorescence, into electrochemical sensor, allow-
ing for MPXV diagnostics in complex fluids without the need
for target amplification (Fig. 3a). The nanocomposite surface
was functionalized with PNA capture probes through a
carbodiimide reaction, followed by hybridization with a bioti-
nylated single-stranded DNA (ssDNA) reporter probe. In the
presence of the target F3L gene in the sample, Cas12a cleaved
the reporter probe, reducing the binding of polystreptavidin-

Fig. 1 Detection of monkeypox virus (MPXV) using CRISPR/Cas-based biosensing. (a) Schematic of a Cas12a-based direct DNA sensing using fluor-
escence detection and electrochemical sensors. Upon target recognition, Cas12a indiscriminately cleaves the ssDNA reporter probe, resulting in a
change of signals. (b) Schematics of monkeypox structure and protein composition (left). MPXV genomic structures and their F3L gene (right). The
corresponding crRNA locations were designated. (c) Fluorescence detection of 100 pM MPXV using individual crRNA.
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horseradish peroxidase (HRP) and the precipitating of tetra-
methylbenzidine (TMB), and subsequently altering the electro-
chemical signal. In this study, cyclic voltammetry (CV) was uti-
lized to record electrochemical currents by sweeping the
voltage, and the target concentration was quantified based on
the peak current resulting from the precipitated TMB. The con-
centration of reporter probes, the Cas12a reaction time, and
the TMB incubation time were optimized (Fig. S3–5†). To
observe changes in CV from collateral cleavage of individual
crRNAs, we incubated a solution containing the CRISPR
mixture (Cas12a, individual crRNA 1–6), ssDNA reporter
probes, target F3L gene with the PNA-immobilized sensor.
Then we compared how the peak current changes based on
the six crRNAs in comparison to the negative control (CRISPR
mixture without the F3L gene). Among all tested crRNAs,
crRNA 6 and crRNA 4 exhibited the highest current changes of
43.8% and 33.4%, respectively, while crRNA 2 produced a
lower signal change of 23.8%, consistent with fluorescence
detection results (Fig. 3b). To validate the specificity of the
CRISPR-based electrochemical sensors, a major advantage in
CRISPR diagnostics, we compared the signal changes in
relation to the quantity of mismatches in the F3L gene
(Fig. 3c). For the electrochemical sensor featuring crRNA 1,

crRNA 4, crRNA 5, and crRNA 6, notable signal changes were
observed between perfect matches and all mismatches;
whereas crRNA 2 and crRNA 3 displayed non-specific signals
in the 1 mismatch, with current changes of 37.4% for crRNA 2
and 47.8% for crRNA 3. In particular, crRNA 6, which exhibited
the highest sensitivity among the individual crRNAs, demon-
strated excellent specificity even with a 1 mismatch, resulting
in minimal signal changes of 9.3%. This suggests that
CRISPR-based electrochemical sensors have the potential to
serve as a rapid diagnostic and response system for virus
mutations.

We then assessed how the combination of crRNAs in the
same reaction influences overall Cas12a activation and, conse-
quently, the sensitivity of electrochemical sensors (Fig. 3d).
Using the same crRNA combination as in fluorescence detec-
tion (Fig. 2f), we observed that the electrochemical sensor with
the combination of crRNAs 4 + 5 + 6 exhibited the best per-
formance (signal change: 92.0%) compared to individual and
other combinations (signal change: 50.7% and 79.5% for
crRNA 4 + 6 and crRNA 4 + 5 + 6 + 1, respectively). To establish
the limit of detection (LOD) for F3L gene, we tested the triple
combination with crRNA 4 + 5 + 6 and compared the signal
responses of electrochemical sensors and fluorescence detec-

Fig. 2 Enhancement of sensitivity via formation of multiple RNP complex. (a) Combination of different crRNAs that bind to the F3L gene of MPXV.
(b and c) Fluorescent intensity for two crRNA combinations (b) and comparison of their sensitivity (c). Slope (AU min−1) was used to quantify the sen-
sitivity. The highest sensitivity was detected using crRNA 4 + 6. (d and e) Fluorescence detection of F3L gene using triple (d) and quadruple crRNAs
(e). (f ) Comparison of highest sensitivity among individual and combined crRNA, indicating that crRNA 4 + 6 + 5 showed the highest sensitivity.
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tion (Fig. 3e). Calibration curves revealed contrasting signal
response to the F3L gene concentration—the peak current of
the electrochemical sensor decreases, while the intensity of
fluorescence sensor increases with F3L gene concentration.
The LOD was estimated through linear regression between the
signal response and F3L gene concentration. Electrochemical
sensor with crRNA 4 + 5 + 6 showed a linear decrease in peak
current within F3L gene concentration range of 500 fM to 100
pM, achieving an LOD of ∼669 fM, whereas the LOD for fluo-
rescence sensor was determined to be ∼10.1 pM (Fig. S6†).
LbCas12a was previously noted to exhibit observable fluo-
rescence signals at a concentration of 100 pM DNA target,25

but its sensitivity significantly diminished below this
threshold. Multiple crRNA-based electrochemical sensor
resulted in a substantial improvement in the detection limit by
approximately 2.5 orders of magnitude. This advancement

holds the potential to broaden the applicability of CRISPR-
based biosensors across various biomedical fields, especially
in more simplified and miniatured device environments.

3.4 Robust assay performance in complex biological fluid

In POC testing scenarios where sample preparation is con-
strained, ensuring robust performance in detecting the target
analyte within complex specimens is crucial.34 The advantage
of an antifouling nanocomposite sensor lies in its capability to
prevent the nonspecific binding by repelling them from elec-
trode surface, thereby minimizing signal drift and enhancing
the sensitivity in complex biofluids. To assess the antifouling
properties of the BSA nanocomposite-based electrochemical
sensors, we incubated the sensors in various biological fluids,
such as 1% BSA, nasopharyngeal secretions (NPS), serum,
urine, or whole blood, and compared the peak current

Fig. 3 Cas12a-based electrochemical sensors for F3L gene detection. (a) Enzymatic electrochemical detection of viral DNA using CRISPR techno-
logy. Reduced graphene oxide-based nanocomposite was functionalized with a PNA capture probe, which hybridizes with biotinylated ssDNA repor-
ter probes. In the presence of target DNA, Cas12a cleaves the reporter probes, resulting in decrease in peak current. (b) Cyclic voltammetry showing
the change of peak current following the cleavage of reporter probes and reduced TMB precipitation. (c) Evaluation of the specificity of Cas12a-
based electrochemical sensors against one, two, and three mismatched F3L sequences. The color intensity indicates the average peak current from
three replicates. (d) Comparison of peak current in electrochemical sensors with different crRNA combinations, revealing that crRNA 4 + 5 + 6
exhibited highest variation in signal compared to the negative control (without F3L gene). (e) Calibration curves for quantifying F3L gene in PBS
using electrochemical sensors and fluorescence detection. Error bars indicate the standard deviation (n = 3).
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changes with those of bare gold electrodes in an electrochemi-
cally active potassium ferri-/ferrocyanide solution (Fig. 4a).
Impressively, the nanocomposite sensor demonstrated excel-
lent antifouling properties with negligible changes in peak
current after exposure to all biofluids for one hour. In contrast,
the bare electrode exhibited a significant decrease in current
in all biofluids, particularly showing a loss approaching 70%
in serum and whole blood. To evaluate how these antifouling
characteristics contribute to target detection, we tested simu-
lated clinical samples using the F3L gene-spiked human
serum samples and investigated changes in assay performance
(Fig. 4b). When observing the peak current changes in the vol-
tammogram based on the concentration of the F3L gene, the
electrochemical sensor exhibited an LOD of 682 fM nearly
identical to when only the F3L gene was present in PBS,
unaffected by non-specific molecules (Table 1). This highlights
that the enhanced sensitivity due to crRNA combinations is
maintained, thanks to the outstanding antifouling properties,
and stands in contrast to the vulnerability of fluorescence
detection in the same F3L gene-spiked serum samples (i.e.,
LOD: 50.6 pM, a fivefold change compared to PBS, Fig. S7 and
Table S2†).

4. Conclusions

In conclusion, our study introduces multiple crRNA-based
nucleic acid detection for POC testing, leveraging the
enhanced sensitivity and antifouling properties of nano-
composite electrochemical sensor. By combining crRNAs tar-
geting distinct regions of the F3L gene of MPXV, Cas12a acti-
vation and their collateral cleavage are enhanced, enabling
the F3L gene detection without target amplification. Our
electrochemical sensor also demonstrates exceptional anti-
fouling properties, showing remarkable resilience to nonspe-
cific molecules in various complex biological fluids. This
feature is pivotal for maintaining assay performance in field-
deployable POC testing where sample preparation is typically
constrained. Unfortunately, we could not obtain MPXV posi-
tive samples for clinical validation due to the limited avail-
ability of specimens. The results of the MPXV assay using
simulated clinical samples will need further validation with
clinical samples in future studies to confirm their applica-
bility to field-deployable diagnostics. Furthermore, the versati-
lity of the multiple crRNA-based sensor extends to its capa-
bility for accurate detection of target nucleic acids with viral
mutations by leveraging its high sensitivity and specificity.
Overall, this technology holds promise for revolutionizing
POC testing by providing a rapid, accurate, and versatile plat-
form for the detection of infectious diseases, with broader
implications for various biomedical fields.
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Limit of detection (LOD)

F3L gene in PBS F3L gene in human serum
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